The main causes of the late dysfunction of renal allografts are chronic rejection and chronic transplant nephropathy. Both are clinicopathologic entities, with a similar clinical presentation, but different histologic appearances. Chronic rejection is characterized by the presence of alloantigeninduced lesions (transplant arteriopathy and transplant glomerulopathy), and chronic transplant nephropathy by nonspecific sclerosing changes. The incidence of transplant arteriopathy and transplant glomerulopathy is relatively low. Electron microscopy (EM) may overcome the limitations in the histologic diagnosis of chronic rejection, because it verifies alloantigen-induced chronic microvasculopathy in the peritubular capillaries (transplant capillaropathy), and identifies transplant glomerulopathy more precisely than does light microscopy. To assess the value of EM in chronic rejection diagnosis, a retrospective search for transplant capillaropathy and transplant glomerulopathy was performed in a consecutive series of 91 biopsies performed >6 months after implantation (median: 26 months, range 6 -186) and the diagnoses were reclassified on the basis of the ultrastructural findings. The definitions used were: transplant capillaropathy: a peritubular capillary profile with seven or more circumferential basement membrane layers, or at least three profiles with five or six circumferential layers; ultrastructurally verified transplant glomerulopathy: thickening of the capillary wall in at least three loops in consequence of the widening of the subendothelial space by abnormal basement membrane material, and the formation of a new layer(s) of basal lamina; and chronic rejection: the presence of transplant capillaropathy and/or transplant glomerulopathy and/or transplant arteriopathy. Histologically, chronic transplant nephropathy, chronic rejection, chronic cyclosporine nephrotoxicity, glomerulonephritis, acute rejection, "suspicious" for acute rejection, and "others" were diagnosed in 37%, 34%, 21%, 19%, 57%, 30%, and 5% of the specimens, respectively. The results of EM increased the diagnosis of chronic rejection to 69% of the cases, and decreased chronic transplant nephropathy to 15%. The individual incidence of transplant capillaropathy and transplant glomerulopathy was 79% and 57%, respectively, and their cumulative incidence was 92%. Five biopsies exhibited merely transplant arteriopathy. A late dysfunction typically had more than one cause; the most frequent combination was chronic rejection and acute rejection. In conclusion, the EM search for transplant capillaropathy and transplant glomerulopathy doubled the frequency of the diagnosis of chronic rejection. Currently, the evaluation of renal allograft biopsies from recipients with a late dysfunction relies on standard light microscopy. Because light microscopy per se proved to be insensitive in the diagnosis of chronic rejection, incorporation of EM into the evaluation of late dysfunction biopsies is strongly recommended. The long-term survival of renal allografts is influenced by alloantigen-dependent ("immunologic") factors and alloantigen-independent ("nephrondepleting") factors. The immunologic factors include the presence of panel-reactive antibodies, the quality of HLA match, the adequacy of immunosuppression, episodes of acute rejection, and drug compliance. Several factors of nephron depletion are known, such as advanced donor age, ischemiareperfusion injury, size mismatch, arterial hypertension, drug nephrotoxicity, lipid disorders, de novo or recurrent renal disease, hemodynamic overload with subsequent hyperfiltration injury to
the glomeruli, etc. (1) . The immunologic and nonimmunologic factors often act in parallel, and ultimately lead to a chronic graft dysfunction.
The analysis of biopsies from recipients with a chronic dysfunction (3 or more months after implantation) currently relies on standard light microscopy (2) (3) (4) (5) , and may reveal chronic rejection or chronic allograft nephropathy. Both are clinicopathologic entities, characterized clinically by a slow, insidious, progressive increase in the serum creatinine level, frequently in association with proteinuria and arterial hypertension. The diagnosis depends on whether lesions indicative of immunologic injury: transplant arteriopathy and/or transplant glomerulopathy are present in the biopsy specimen (chronic rejection) or not (chronic allograft nephropathy) ( Table 1 ). In a recent review of 1500 allograft biopsies performed more than 6 months post-transplantation, 35% of the cases were diagnosed as chronic allograft nephropathy, and 20% as chronic rejection (4) . The histologic data suggest that chronic rejection is less frequent than chronic allograft nephropathy. However, the diagnosis of chronic rejection is often hampered because the pathologic features of rejection have an intrinsic focal nature (5), the fibrosing phase of transplant arteriopathy may be impossible to distinguish from intimal fibrosis induced by alloantigenindependent factors, and transplant glomerulopathy has a low incidence. The limitations in the histologic diagnosis of chronic rejection have resulted in unfavorable consequences. First, many pathologists indiscriminately use the terms "chronic rejection," "chronic transplant nephropathy," or "chronic transplant glomerulopathy" to label any sort of atrophy, hyalinosis, fibrosis or sclerosis in a kidney allograft biopsy, regardless of the etiology. Transplant clinicians are frustrated by the aimless and haphazard application of descriptive diagnostic categories that provide uncertainty rather than precision. Second, the lack of data on the true incidence of chronic rejection has generated a frustrating debate within the transplant community on the relative contributions of chronic rejection and nephron-depleting factors in long-term graft survival (6) . Third, without a knowledge of the true incidence of chronic rejection, important therapeutic aspects of kidney transplantation, such as adequacy of immunosuppression, dose adjustment, a need to develop new immunosuppressive drugs, etc. cannot be analyzed properly.
The peritubular and glomerular capillary endothelial cells intensely express major histocompatibility complex class I and class II antigens, and are therefore targets of the rejection responses (7) . Renal capillary pathology induced by rejection can better recognized ultrastructurally than by light microscopy. On electron microscopy (EM), the peritubular capillaries in grafts relating to a late dysfunction frequently exhibit circumferential multiplication and splitting of the basement membrane, and a nonfenestrated and thickened endothelial cell layer with a serrated contour along the interstitial aspect of the capillary profile (8 -11) . We recently validated these basement membrane alterations in the cortical labyrinth as an ultrastructural marker of chronic rejection in carefully selected series of chronic rejection and controls. Peritubular capillary profiles with several circumferential basement membrane layers occurred exclusively in chronic rejection (transplant capillaropathy; for a definition, see Table 1 ). We also experienced that EM of the glomeruli verified transplant glomerulopathy more precisely than did light microscopy (11) . Pooled data indicate that acute rejection episodes or ongoing, subclinical rejection injuries to peritubular and glomerular capillary endothelial cells lead to the development of transplant capillaropathy and transplant glomerulopathy (11) (12) (13) (14) (15) (16) . The cumulative incidence of peritubular and glomerular capillary lesions was 85%, suggesting that EM may be routinely used in the diagnosis of chronic rejection. The aim of the present study is to provide relevant data by comparing the diagnoses obtained by light microscopy per se, and by light microscopy supplemented with EM in a consecutive series of 91 allograft biopsies relating to a late dysfunction. By means of EM, transplant capillaropathy and transplant glomerulopathy were sys- tematically searched for retrospectively. To distinguish the ultrastructural features of transplant glomerulopathy from those induced by alloantigenindependent factors, a pilot study of the glomerular capillaries was carried out in native renal biopsies from patients with progressive kidney disease.
MATERIALS AND METHODS
In the Department of Pathology, University of Szeged, renal allograft biopsies from patients with a chronic allograft dysfunction are routinely investigated by the combined use of light microscopy (H&E, periodic acid-Schiff, trichrome, methenamine silver and elastica) and immunofluorescence (IgG, IgA, IgM, C3, C1q and fibrinogen; since 1999 also with C4d). Pieces of renal tissue are embedded for EM in each case. However, ultrastructural analysis is performed only if indicated as necessary by the clinical data and/or morphologic findings.
Between January 1, 1993 and June 1, 2000, 105 biopsies were performed 6 or more months posttransplantation. Ninety-one of these biopsies form the subject of the present study. The remainder were excluded because the resin-embedded tissue did not contain glomeruli, or the biopsies did not meet the criteria of specimen adequacy (10 or more glomeruli with at least two arteries). The donors and the recipients were all caucasian. All but one had received a cadaveric kidney. Eleven patients exhibited a poor initial graft function. They were treated with antilymphocyte drugs in the first 2 postoperative weeks. Basiliximab induction therapy was administered to four immunologically highrisk patients. Post-transplant immunosuppression was maintained with cyclosporine and prednisone in 47 recipients (including the basiliximab-treated recipients), with cyclosporine, prednisone and azathioprine in 18 recipients, and with cyclosporine, prednisone and mycophenolate mofetil in 16 recipients. The dose of cyclosporine was 3 to 5 mg/kg/ day, adjusted individually according to the serum cyclosporine level and the length of the posttransplantation period. The dose of mycophenolate mofetil was 2 g/day, but this was halved in five patients because of the side effects of the drug. Up to 1991, episodes of acute rejection were medicated with intravenous methylprednisolone for 3 to 5 days. Since 1991, steroid-resistant rejection has been treated with antilymphocyte drugs for 7 to 10 days. The grade of proteinuria at the time of the biopsy was tested with sulfosalicylic acid, and was evaluated as 0, 1ϩ, 2ϩ, 3ϩ and 4ϩ. Differences in grades between the various groups (see Results) were analyzed by the Wilcoxon signed rank test. Statistical significance was accepted at a probability level of 5%. In our laboratory, a grading of 1ϩ corresponded to proteinuria below 0.5 g/day, 2ϩ to 0.5-1 g/day, 3ϩ to 1-2 g/day, and 4ϩ to more than 2 g/day. Chronic obstructive uropathy was demonstrated by ultrasonography. The demographics, transplant-related variables and posttransplantation variables are shown in Table 2 .
Glomerular Capillary Ultrastructure in Native Kidney Biopsies
The controls comprised 11 caucasian patients (seven men and four women; median age 45 years, range 29 -68; median level of serum creatinine at biopsy: 1.68 mg/dL, 0.87-4.08). Seven patients suffered from hypertensive kidney disease, three patients from sclerosing IgA nephritis, and one patient from diabetic nodular glomerulosclerosis. On EM, glomeruli in seven specimens demonstrated signs of hyperfiltration, characterized by detachment of endothelial cells, "giant" subendothelial and/or intracapillary proteinaceous deposits, and densities in the glomerular basement membrane and paramesangium, with or without platelets and fibrin fibrils (19) . The glomeruli in four specimens displayed segmental scarring with adhesion to the Bowman's capsule. The results of the pilot study are shown in Table 3 .
Study Design
The biopsies were re-read and scored according to the Banff 1997 scheme (3). The lesions were categorized as "suspicious" for acute rejection, acute rejection, chronic rejection, chronic allograft nephropathy, chronic cyclosporine nephrotoxicity, glomerulonephritis, and "others." Acute rejection was subdivided into cell-mediated: tubulointerstitial rejection with or without intimal arteritis, and antibody-mediated: transmural arteritis with or without fibrinoid necrosis. The definitions of chronic rejection, chronic allograft nephropathy and chronic cyclosporine nephrotoxicity are given in Table 1 . Two incidences of chronic rejection and chronic allograft nephropathy were calculated: one diagnosed by light microscopy per se, and one diagnosed by the combination of light microscopy and EM. Because it is not necessary to know the exact actual semiquantitative Banff scores to understand the results of the present article, the scores were simply categorized as no, mild, moder- ate, or severe lesions. The results of implantation biopsy were available in 28 recipients. For ultrastructural evaluation, the thin sections were placed on large slotted grids (2 ϫ 1 mm), and at least one glomerulus and all peritubular capillary profiles in the cortical labyrinth (i.e., capillaries around glomeruli) were sampled. The site of reading of the peritubular capillary basement membrane layers was the narrow peritubular interstitium. The multilayering of the basement membrane was regarded as circumferential if it was seen in at least three of the four portions of the capillary circumference (11) . The median numbers of glomeruli and peritubular capillary profiles per examined biopsy were 1.8 (range: 1-4) and 15.5 (range: 6 -32), respectively. Table 4 shows the conditions after re-reading of the slides and consideration of the results of EM. As they are grouped, they do not represent the rank of impact with which they influenced the function of the graft. On EM, transplant capillaropathy and/or transplant glomerulopathy were observed in 20 cases of chronic allograft nephropathy, and in 12 cases of chronic cyclosporine toxicity, and these cases were reclassified as involving chronic rejection.
RESULTS

Chronic Rejection
Transplant capillaropathy was observed in 50 specimens, with the simultaneous presence of transplant glomerulopathy in 28 specimens. Transplant glomerulopathy was identified by EM in six specimens. EM confirmed histologically suspicious transplant glomerulopathy in 17 specimens. Eight biopsies displaying transplant glomerulopathy were negative for transplant capillaropathy. The individual frequency of transplant capillaropathy and transplant glomerulopathy was 79% and 57%, respectively, whereas their cumulative incidence was 92%. Five biopsies exhibited transplant arteriopathy and were negative for both transplant glomerulopathy and transplant capillaropathy.
Coexisting Conditions
Acute Rejection
The cell-mediated type was present in 50 specimens (tubulointerstitial: 27, arterial: 13), and the antibody-mediated type in two specimens.
Nephron-Depleting Factors
Cyclosporine toxicity coexisted on 12 occasions, glomerulonephritis on seven occasions and hyperplastic arteriolosclerosis associated with hypertension on two occasions. The group of glomerulonephritis comprised four cases of membranous nephropathy, two of mesangial proliferative glomerulonephritis, and one of immune complex glomerulonephritis, not otherwise specified. Two cases of membranous nephropathy also met the minimum ultrastructural criteria of transplant glomerulopathy.
Marked hypertension (Ն180/100 mm Hg) was recorded in nine patients, diabetes in three patients, the possibility of a size mismatch in one patient (donor: 8 years of age, recipient: 44 years of age), obstructive uropathy in three patients, and nephrolithiasis in one patient. In cases with obstructive uropathy, coexisting infected urine was verified in two patients. EM did not reveal diffuse glomerular basement membrane thickening as a sign of early diabetic nephropathy in any of the diabetics. In the case involving a potential size mismatch, diffuse lamellation of the glomerular base- (Fig. 4) i. Accumulation of abnormal basement membrane material in the lamina rara interna ii. Bulging of endothelial cells (processes and/or nuclei) into the capillary wall iii. No well-developed subendothelial basal lamina along the capillary circumference 2) Partial collapse of capillary loops i. Detachment of foot processes ii. Wrinkled lamina densa iii. Occasional accumulation of abnormal basement membrane material in the lamina rara interna iv. No well-developed subendothelial basal lamina along the capillary circumference 3) Capillary loops in the vicinity of hyperfiltration injury (Fig. 5) i ment membrane, reported in renal allografts from some pediatric donors to adult recipients (20) , was not observed on EM. Three or more peritubular capillary profiles with five or six circumferential layers were observed in two patients with obstructive uropathy and in the nephrolithiatic patient. Besides transplant capillaropathy, these biopsies also revealed other morphologic features of chronic rejection. The biopsy specimen of the third patient with obstructive uropathy displayed transplant glomerulopathy, and one peritubular capillary exhibited five or six circumferential layers.
Chronic Rejection and Newer Generations of Immunosuppressive Drugs
Biopsies from three patients treated with basiliximab, and 13 patients treated with mycophenolate mofetil showed features of chronic rejection.
Proteinuria
The grade of proteinuria was analyzed after exclusion of the glomerulonephritic cases and cases with urinary tract infection. Three groups were formed on the basis of the presence and the severity of transplant glomerulopathy: no glomerulopathy (median 2, range 0 -3), ultrastructurally verified or confirmed glomerulopathy (median 2, range 0 -3), and histologically moderate or severe glomerulopathy (median 3, range 0 -4). The differences were not significant, though the difference in the grade of proteinuria between the group without glomerulopathy and the group with histologically moderate or severe glomerulopathy was close to the level of significance (P ϭ .07).
Follow-Up
Two patients with a good renal function died within 12 months after biopsy. Thirty-four grafts terminated in chronic renal failure necessitating hemodialysis after a median postbiopsy period of 4.5 months. Twenty-four grafts are still functioning (median postbiopsy period: 12 months), with a serum creatinine level below 3.95 mg/dL in 20 patients. Follow-up data were not available on three patients.
Chronic Allograft Nephropathy
There was no intimal fibrosis in five specimens. Mild or moderate intimal fibrosis was recorded in nine specimens. Twelve biopsies had at least moderate tubular atrophy and interstitial fibrosis.
Acute rejection coexisted in all biopsies ("suspicious" for acute rejection: 2). Three specimens showed membranous nephropathy 3, and one focal sclerosis.
Clinically, four patients were markedly hypertensive (Ն180/100 mm Hg), and two patients had obstructive uropathy. One patient with obstructive uropathy also had an active urinary tract infection. On EM, cases with obstructive uropathy displayed a peritubular capillary profile with five or six circumferential basement membrane layers. After exclusion of the glomerulonephritic cases and obstructive uropathy with coexisting infected urine, the median grade of proteinuria was 2 (range 0 -4).
Three patients treated with mycophenolate mofetil developed chronic allograft nephropathy, as did one patient treated with basiliximab.
Eight patients returned to hemodialysis (median postbiopsy period: 8.5 months). Six grafts are functioning with acceptable parameters in three patients (follow-up: within 8 months).
Chronic Cyclosporine Toxicity
This was diagnosed in 19 biopsy specimens. Seven cases lacked coexisting lesions of chronic rejection. These were associated with "suspicious" for acute rejection in four specimens, IgA glomerulonephritis in two specimens, and cholesterol microembolism in one specimen.
The clinical "load" factors in the seven cases included blood pressure levels of 200/100 mm Hg in two patients, and diabetes in one patient. EM did not reveal early diabetic glomerulopathy.
One of the IgA nephritic patients died with a functioning graft 15 months after biopsy; the other returned to hemodialysis 32 months after biopsy. The remaining four patients have an acceptable renal function (follow-up: within 9 months).
Acute Rejection
Two cases manifested late acute rejection. "Suspicious" for acute rejection developed in one patient, and acute tubulointerstitial rejection and membranous nephropathy in the other patient. Both patients responded to anti-rejection therapy. The patient with borderline rejection has a good graft function 10 months after biopsy. Graft loss occurred in the glomerulonephritic patient 1 year after the biopsy.
Others
Six cases belonged in this group. One case exhibited no abnormality (serum creatinine 1.62 mg/dL, seropositive for hepatitis C virus), two cases acute pyelonephritis, and three cases glomerulonephritis. The glomerulonephritic cases included membranous nephropathy, recurrent focal segmental glomerulosclerosis and recurrent anti-tubular basement membrane nephritis associated with immune complex glomerulonephritis. The latter case did not recur for 2 years after transplantation (21) . Coexisting obstructive uropathy was observed in the cases with pyelonephritis, and in the case of membranous nephropathy. None of them displayed a peritubular capillary profile with five or six circumferential basement membrane layers. All grafts are functioning, with acceptable parameters in four patients (follow-up: up to 12 months).
DISCUSSION
Ultrastructural Markers of Chronic Rejection
Transplant Capillaropathy
This was frequently observed (79%) in the present series involving chronic rejection. To date, 227 cases of native kidney disease have been analyzed in the literature for the presence of circumferential basement membrane layers in cortical peritubular capillaries, including hypertension, diabetes, chronic cyclosporine toxicity, sclerosing glomerulonephritis, chronic tubulointerstitial nephritis, thrombotic microangiopathy, cryoglobulinemia, primary glomerulonephritides, lupus nephritis, and kidney diseases in elderly people (9 -11) . A peritubular capillary profile with seven or more circumferential layers or at least three profiles with five or six circumferential layers was not observed in these disorders, but only in chronic rejection. Verification of transplant capillaropathy is of great value, because it permits the diagnosis of chronic rejection even in the presence of various nephron-depleting factors. A few conditions, however, should be borne in mind during the diagnosis of transplant capillaropathy. Two capillary profiles with five or six layers have been very occasionally observed in chronic tubulointerstitial nephritis and hemolytic-uremic syndrome, and marked basement membrane multiplication has been noted in a biopsy specimen of native end-stage kidney from an adult with reflux nephropathy (11) . Because cases with reflux nephropathy are seldom biopsied, data on peritubular capillary changes in this condition are lacking. The situation is similar in chronic obstructive nephropathy. In the present study, cortical peritubular capillaries were examined in nine biopsies from patients with chronic obstructive uropathy, including the patient with a renal stone. Transplant capillaropathy was present only in those three specimens that also exhibited other morphologic features of chronic rejection. We conclude, therefore, that obstructive uropathy before the endstage kidney phase does not appear to be associated with the development of a transplant capillaropathy-like lesion. In the event of a history of obstructive uropathy or thrombotic microangiopathy, however, the presence of transplant capillaropathy must be interpreted with caution.
Peritubular capillary endothelial cells are targets of rejection responses. Acute humoral rejection is characterized by the linear immunofluorescence of complement 4d along the capillary walls (16) , and the necrosis of endothelial cells and denudation of the basement membrane observed on EM (22) . The ultrastructural features of acute cellular rejection include hypertrophied endothelial cells, increased adherence and passage of lymphocytes, lymphocytes in the capillary wall, separation of endothelial cells from the basement membrane, defects in the endothelial lining and balloon-like fragmentation or apoptosis of endothelial cells in the vicinity of lymphocytes (12, 23, 24) . In chronic rejection, the wall of the peritubular capillaries frequently contained lymphocytes, separating the endothelial cells from the laminated basement membrane (11) . The observations suggest that transplant capillaropathy is the final result of ongoing or repeated episodes of endothelial cell damage or death and subsequent regeneration. The process is associated with a loss of fenestration, a serrated shape, and splitting and multilayering of the basement membrane. In semithin sections, the capillaropathy appears as a serrated profile with a thick, ribbon-like basement membrane layer (11) , enhancing the sampling of the lesion. Transplant capillaropathy may be encountered sooner than 6 months after transplantation. We have seen two cases, not included in the present study, which exhibited the lesion 3.5 months and 4 months postimplantation, respectively. One of the recipients received basiliximab, and the other was treated with mycophenolate mofetil.
Transplant Glomerulopathy
This is a traditional histologic marker of chronic rejection (3), but its incidence is low, ranging between 15% and 30% (5, 25) . The morphology of glomerulopathy resembles that seen in renal thrombotic microangiopathy or antiphospholipid syndrome (26, 27) , suggesting that humorally mediated endothelial damage may play a role in the evolution of the lesion. The light microscopic distinction between the presence or absence of transplant glomerulopathy may occasionally be difficult. We (11) and others (9, 28 -30) have experienced that EM is a reliable tool with which to verify histologically suspicious transplant glomerulopathy. However, there are no agreed ultrastructural criteria of transplant glomerulopathy, and the investigators did not define precisely what they regarded as the minimum lesion of transplant glomerulopathy. Glomerular basement membrane changes induced by alloantigen-independent factors should be excluded during the ultrastructural verification of transplant glomerulopathy. Our pilot study revealed that hyperfiltration injury-induced glomeru-lar basement membrane alterations or the collapse of capillary loops can easily be distinguished from transplant glomerulopathy. In contrast with a previous report (29), we do not regard subendothelial expansion without well-developed new subendothelial basal lamina involving the entire capillary circumference as a feature of transplant glomerulopathy, because subendothelial expansion alone was present in hemodynamically maladapted glomeruli in the present study, and in acute rejection in a previous communication (23) . This experience led us to utilize the duplication of the glomerular basement membrane and cutoffs for the minimum level of affection of the capillary loops in the ultrastructural definition of transplant glomerulopathy. We were interested in learning whether cases with no glomerulopathy and ultrastructurally verified or confirmed glomerulopathy exhibit different proteinuria levels. No differences were observed, and the testing of different cutoffs (five affected capillaries, for instance, as opposed to the three used here) in association with the proteinuria level would therefore not be conclusive. Testing of mean values of 24-hour protein excretion with different cutoffs might well have led to some other conclusion about the optimal cutoff for the ultrastructural criterion of transplant glomerulopathy, but exact determination of the proteinuria level was not included in the protocol of patient evaluation at the time of the study period. In summary, when read according to rigorous criteria, ultrastructurally verified transplant glomerulopathy can be used as an indicator of chronic rejection, unless there is a history of thrombotic microangiopathy after transplantation.
EM in the Evaluation of Late Dysfunction Biopsies
In our series, the correct interpretation of glomerular lesions necessitated the examination of allograft biopsies by EM in 50% of the cases. The cases reclassified as having chronic rejection comprised 17 specimens with histologically suspicious transplant glomerulopathy. To categorize these cases properly, we relied on the study of the glomeruli by EM to be conclusive. The precise classification of cases with glomerulonephritis, the exclusion of early diabetic glomerulopathy and the study of the glomerular basement membrane in the pediatric donor kidney transplanted into an adult recipient needed the ultrastructural analysis of the glomeruli in 24% of the specimens. Our favorable experience with the diagnostic aid of EM is similar to that in a previous article, in which EM was estimated to be a relevant diagnostic tool in about half of the renal allograft biopsies (29) . In the present study, a late dysfunction typically had more than one cause: the most frequent combination was chronic rejection and acute rejection, but we also observed chronic rejection, acute rejection and cyclosporine toxicity, or chronic rejection, acute rejection and glomerulonephritis, with or without clinically existing nephron-depleting factors. Similar experience has been reported by others (4, 25) . It is our opinion that combinations of various forms of rejection and nephron-depleting factors can be interpreted best if light microscopy, immunofluorescence and EM are routinely applied. The verification of ultrastructural lesions of chronic rejection in the present study doubled the incidence of chronic rejection, and eliminated the excess diagnosis of chronic allograft nephropathy. Extrapolation of our data indicates that chronic rejection is markedly underdiagnosed by standard light microscopy per se. The ultrastructural search for transplant capillaropathy and glomerulopathy in late dysfunction biopsies with a light microscopic diagnosis of chronic allograft nephropathy is therefore recommended. There are arguments, however, which do not favor the incorporation of EM among the diagnostic modalities during the evaluation of late dysfunction biopsies: the ultrastructural verification of chronic rejection is time-consuming, the costs of EM are not negligible, and there is no specific therapy for chronic allograft nephropathy or chronic rejection. Because these objections are valid, nephropathology units should decide individually how to evaluate graft specimens relating to a late dysfunction.
Chronic Rejection and Newer Immunosuppressive Drugs
The findings presented here are in part based on a regimen of immunosuppressive therapy no longer widely used. Mycophenolate mofetil, as elsewhere, has replaced azathioprine in the protocol at our center, and a small number of immunologically high-risk patients received anti-CD25 antibody prophylaxis. The more recent generations of drugs, such as tacrolimus, sirolimus, mycophenolate mofetil and anti-CD25 antibodies, significantly reduce the likelihood of clinical acute rejection. It is of importance to document, therefore, what happens to these recipients years after implantation. Do these drugs eliminate chronic rejection? In a majority of our limited number of patients treated with such newer drugs, the answer was no. Because no method other than EM exists at the moment with which to verify chronic rejection precisely, its use is indispensable for those who wish to examine the influence of new immunosuppressive drugs on the prevention of chronic rejection.
CONCLUDING REMARKS
If light microscopy alone is used to explore the cause of a late dysfunction, chronic rejection is underdiagnosed and chronic allograft nephropathy is overdiagnosed. Internationally accepted classifications on renal allograft pathology are encouraged to include EM in the routine evaluation of allograft biopsies to achieve better recognition of capillary lesions of chronic rejection.
